IR Spectra, R am an Spectra, Mass Spectra, T riphenyltin D im eth y lp h o sp h in ate T he reactions of (P h 3Sn)20 with P hM eP O C l and w ith P h2P O C l lead to P h 3S n 0 2PM ePh and P h 3S n 0 2PPh2, respectively. Ph3S n 0 2P M e2 has b een p re p a red from the reactio n of (P h 3S n)20 and M e2P 0 2H in toluene. The IR and R am an spectra o f Ph3S n 0 2PM e2, P h 3S nÖ 2PM ePh and P h3S n 0 2P P h2 are found to be consistent w ith polym eric stru ctu res with p entacoordinated tin atom s. The E l mass spectra indicate th a t the principal fragm entation processes of Ph3S n 0 2P R R ' (R R ' = M e2, M ePh, P h2) a p p ear to occur by loss o f phenyl radicals from tin and by elim ination of th e en tire d io rg an o p h o sp h inate group.
Introduction
It has been shown that POCl3 reacts with (R 3Sn) 20 with unsymmetrical cleavage of S n -O -S n bonds to give R 3S n 0 2PCl2 and R 3SnCl (R = Me [1] , Ph [2] ). Similarly, RR'PSCl (R R ' = M e2, MePh, Ph2) reacts with (Me3Sn)20 (1:1) producing R3SnOSPRR' [3] . Symmetrical fission of S n -O -S n bonds takes place in the reaction of Me2PSCl with (Me3Sn)20 (2:1) to give (M e2PS)zO [1] , M e3SnOSPM e2 [3] , Me3S n 0 2PCl2 and M e3S n 0 2PM e2 [4] have been shown by single crys tal X-ray diffraction to have polymeric chains of M e3Sn groups linked by OSPMe2, 0 2PC12 and 0 2PM e2, respectively.
In this paper, the reactions of (Ph3Sn)20 with Ph2POCl and with PhMePOCl are described. The vibrational and mass spectra of the products Ph3S n 0 2PPh2 and Ph3S n 0 2PMePh are discussed. In addition, the preparation and characterization of Ph3S n 0 2PM e2 is also reported.
Results and Discussion
(Ph3Sn)20 reacts with equimolar amounts of R R 'P O C l (R R ' = Ph2, MePh) in toluene at ambi ent tem perature to give Ph3S n 0 2PR R '.
(Ph3Sn)20 + RR'POCl -» Ph3S n 0 2PRR' + Ph3SnCl
The reaction of (Ph3Sn)20 with POX3 (X = Cl, Br) (1:1) affords Ph3S n 0 2PX2 and Ph3SnX [2] . These reactions may be explained by suggesting a cyclic transition state followed by the formation of S n -C l and S n -O -P bonds
Analogous transition states have been suggested for the reactions of (Ph3Sn)20 with HgX2 (X = Cl, Br, I) [5] and of (Bu3Sn)20 with SOCl2 [6] . The reactions of (Ph3Sn)20 with R 2POCl and POX3 may also proceed via addition to the P = 0 bond, yielding unstable phosphorane interm ediates X^P (O SnP h3)2 similar to those proposed for the reactions of (Me3Si)2E (E = O, S) with phosphoryl halides [7] , Decomposition of the X sP (O S nP h3)2 interm ediate gives Ph3S n 0 2P < and Ph3SnX. U n symmetrical fission of S n -O -S n bonds takes place in the reaction of Ph2POH with (Ph3Sn)20 to afford Ph3S n 0 2PPh2 and Ph3SnH [8] , Tri phenyltin diphenylphosphinate can also be pre pared by the reaction of Ph2P 0 2H with Ph3SnOH [9] or (Ph3Sn)20 [10] , by treatm ent of Ph3SnCl with sodium [11] or ammonium [12] diphenylphos phinate, and by oxidation of Ph3SnPPh2 [13] . The synthesis of Ph3S n 0 2PM ePh from Ph3SnCl and K 0 2PM ePh has been reported [14] , Ph3S n 0 2PMe2 is prepared by the reaction of (Ph3Sn)20 with Me2P 0 2H in toluene.
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Vibrational spectra
The infrared and Raman frequencies of Ph3SnO?PMe2, Ph3S n 0 2PMePh and Ph3S n 0 2PPh2, with the relative intensities and assignments, are shown in Table I . The assignment of the bands are done by comparison with the vibrational spectra of the starting materials, Ph3S n 0 2PX2 (X = Cl, Br) [2] , M e3S n 0 2PM e2 [4] and Ph3Sn containing com pounds [15, 16] .
The v (P 0 2) vibrations are indicative of the bonding type of the 0 2P R R ' groups. It is well known that v (P 0 2) frequencies appear between 1200 and 1000 cm -1 for bidentate 0 2PRR ' groups, while m onodentately linked 0 2P R R ' groups give Table I . IR and R am an Spectra (1 3 0 0 -1 0 0 c m -1) of P h3S n 0 2P M e2, P h 3S n 0 2PM ePh and P h 3S n 0 2PPh2. V s ( S n P h ) the absorptions v(P = 0 ) > 1200 cm-1 and v (P -O ) <1000 cm -1. The vibrational spectra of Ph3S n 0 2P R R ' show the v (P 0 2) bands between 1200 and 1000 cm -1, which speak for bidentately bonded 0 2P R R ' groups. These observations and the physical properties such as involatility and in solubility in common organic solvents are consist ent with the expected polymeric structure of Ph3S n 0 2P R R ' in which the tin atoms are pentacoordinated and joined by O -P -O bridges.
The bands at 1130 vs (IR), 1133 w cm -1 (R a man) in the spectra of Ph3S n 0 2PMePh and those at 1129 vs (IR), 1133 w -m cm -1 (Raman) in the spectra of Ph3S n 0 2PPh2 are assigned to <3(CH) in plane vibrations of P -P h groups. This assignment is supported by the presence of a very strong band at 1128 cm -1 in the IR spectrum of Ph2POCl and the absence of the corresponding bands in the vibrational spectra of Ph3S n 0 2PMe2 and Ph3S n 0 2PX2 (X = Cl, Br) [2] . Consequently, the very strong band at 1147 cm -1 in the IR spectrum of Ph3S n 0 2PMePh and the strong band at 1153 cm -1 in the IR spectrum of Ph3S n 0 2PPh2 are attributed to the vas( P 0 2) vibrations.
It is well established that v(P = 0) [17, 18] and vas( P 0 2) [19] stretching frequencies increase with increasing electronegativity of the groups directly attached to the phosphorus atom. In harmony with this and as a result of the increased electron with drawing power of the phenyl group relative to the methyl group, the vas( P 0 2) frequency of Ph3S n 0 2P R R ' decreases by transition from R R ' = Ph2 (1153 cm -1) to R R ' = MePh (1130 cm -1) to R R ' = M e2 ( lllO c m -1).
In the spectra of Ph3S n 0 2PMe2, the IR band at 730 cm -1 (Ram an, 742 cm -1) is ascribed to vas(PC2) and the IR band at 705 cm-1 (Raman, 708 cm -1) to vs(PC2). The positions of v(PC2) fre quencies for Ph3S n 0 2PMe2 are close to the corre sponding frequencies reported for Me3S n 0 2PMe2 [4] , while the vas( P 0 2) band for Ph3S n 0 2PM e2 (1110 cm -1) occurs at lower frequency than vas( P 0 2) for M e3S n 0 2PMe2 (1132 cm -1).
The Raman spectra of Ph3S n 0 2PMe2, Ph3S n 0 2PMePh and Ph3S n 0 2PPh2 show ex tremely strong bands due to ring breathing fre quencies at 1002,1001 and 1003 cm -1, respectively.
The (S n -P h ) vibrations in triphenyltin com pounds fall within the 200-300 cm -1 range [20] . The vas(S n -P h ) frequency for Ph3S n 0 2P R R ' is as signed at 275 (IR), 281 cm -1 (Ram an) when R R ' = Me2, 278 cm -1 (IR, Raman) when R R ' = MePh and 278 (IR), 277 cm -1 (Ram an) when R R ' = Ph2. The IR spectra of Ph3S n 0 2PX2 (X = Cl, Br) exhibit the vas(S n -P h ) at 278 cm -1 [2] .
The strong to very strong Raman bands at 215 cm -1 for Ph3S n 0 2PMe2 and 213 cm -1 for Ph3S n 0 2PMePh and Ph3S n 0 2PPh2 are ascribed to vs(S n -P h ) vibration.
The absence of the band due to vs(S n -P h ) in the IR spectra of Ph3S n 0 2PM e2 and Ph3S n 0 2PPh2 can be interpreted in terms of planar, SnC3 groups with D 3h local symmetry (vs(SnC3) A '! in D3h sym metry is IR inactive).
The appearance of vs(S n -P h ) as a very weak band at 210 cm -1 in the IR spectrum of Ph3S n 0 2PMePh may indicate a deviation from SnC3 planarity.
Consequently, the v (S n -P h ) frequencies are consistent with the suggested polymeric structure involving Ph3Sn groups bridged by O -P -O units. The tin atoms have trigonal bipyramidal coordi nation, with the phenyl rings in equatorial po sitions. This structure is similar to that established by X-ray diffraction for Me3S n 0 2PMe2 and Me3S n 0 2PCl2 [4] , Chain polymeric structure with O -P -O bridges has been proposed for Ph3S n 0 2PPh2 on the basis of 119Sn M ößbauer studies [21, 22] . Table II gives the intensities of characteristic peaks in the E l mass spectra (70 eV) of Ph3S n 0 2P R R ' (R = R ' = Me, Ph; R = Me, R ' = Ph).
Mass spectra
The principal fragm entation processes of Ph3S n 0 2P R R ' appear to occur by loss of phenyl radicals from tin and by elimination of the entire 0 2P R R ' group.
The mass spectra of the compounds exhibit the molecular ion of the m onom er (Ph3S n 0 2P R R ' +) with low abundance. On the other hand the most stable and therefore most abundant tin-containing fragments are the even-electron ions [23, 24] .
In agreem ent with this statem ent, the molecular ions minus phenyl radical (Ph2SnO ?PR R'+) are present as a base peak in the mass spectra of the three compounds. In addition, the spectra show the even electron fragments Ph3Sn+, PhSn+ and Table II . C haracteristic ions form ed in the 70 eV mass spectra of P h 3S n 0 2P M e2, P h 3S n 0 2PM eP h and Ph3S n 0 2PP h2 (m /e (% )). 120 (12) 120 (10) 120 (10) S n 0 2P R R '+ in considerable abundance. The Ph2+ peaks appear in the spectra of Ph3S n 0 2P R R '. Such peak has been observed in the spectra of Ph3S n 0 2PCl2 [2] and Ph3SnX (X = F, Cl, Br) [23] , The spectrum of Ph3S n 0 2PM e2 shows a fragment (m/e = 639, 1.5%) with mass greater than the mo lecular mass of the monomer, which is consistent with the polymeric nature of the compound. The peaks at 289 (8%) and 135 (4% ) in the spectrum of Ph3S n 0 2PM e2 could be assigned to ions Ph2MeSn+ and MeSn+, respectively, which may be formed through methyl group transfer. Traces of MeSn+ (1%) appear also in the spectrum of Ph3S n 0 2PMePh.
Experimental
The IR spectra were obtained with a Bruker instrument IFS88 equipped with KBr and poly ethylene windows; Nujol or Hostaflon mulls were used. The Raman spectra were recorded with a Dilor XY multichannel system instrum ent with 514.5 nm excitation of 10-40 mW power. Mass spectra were recorded on a Varian MAT CH 7 A instrument (E l 70 eV). The elem ental analyses were performed by the analytical laboratory of Fachbereich Chemie der Universität Marburg, Germany. The reactions of (Ph3Sn)20 with Ph2POCl and PhMePOCl were carried out under anhydrous conditions. Literature procedure was used to prepare (Ph3Sn)20 [25] .
Preparation o f Ph3S n 0 2PMe2
A solution of Me2P 0 2H (0.5 g, 5.3 mmol in 20 ml toluene) was added to a solution of (Ph3Sn)20 (1.9 g, 2.65 mmol) in 15 ml toluene. The reaction mixture was heated under reflux for 2 h. The solvent was then partially evaporated and the mixture set aside overnight at room tem perature. The resulting precipitate of Ph3S n 0 2PMe2 was fil tered off, washed with ether and dried in vacuum. The yield was 1.25 g (53%). Ph3S n 0 2PM e2 is un soluble in CC14, CH2C12, acetone and methanol; m.p. >200 °C.
C20H 21O2PSn (443.03) Calcd C 54.22 H 4.78% , Found C 54.53 H 4.52%.
Preparation o f Ph3S n 0 2PMePh
A solution of PhMePOCl (0.53 g, 3 mmol in 10 ml toluene) was added to a solution of (Ph3Sn)20 (2.17 g, 3 mmol) in 20 ml toluene. The reaction mixture was kept for 3 d at room tem perature. The precipitate of Ph3S n 0 2PMePh was filtered off, washed with ether and dried in vac uum. The yield was 1.48 g (97%). Ph3S n 0 2PMePh is unsoluble in CH2C12, CC14, acetone and m eth anol; m.p. >200 °C. 
Preparation o f Ph3S n 0 2PPh2
In a similar procedure to that described for Ph3S n 0 2PMePh, equimolar amounts of Ph2POCl and (Ph3Sn)20 in toluene gave almost quantitative yields of Ph3S n 0 2PPh2; m.p. >200 °C.
C30H25O2PSn (567.12)
Calcd C 63.53 H 4.44% , Found C 63.56 H4.49% .
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